Abstract; A bicomponent coextrusion process is modelled using a 3-D finite element formulation. The layer uniformity problem in ¢oextrusion is addressed by examining the effects of the polymer melt/polymer melt/die wall contact line boundary condition. It has been observed that the less viscous polymer layer will tend to displace the more viscous polymer layer near the die wall, The behaviour of the contact line is considered to be either a "stick" or "slip" boundary condition, In the "stick" boundary condition, the contact line does not move from its original position after the two polymer layers meet, A slip boundary condition allows the contact line to move along the die wall. The calculated interfaces which result from different contact line assumptions are determined. Results show that if a "stick" boundary condition is appropriate for a given fluid/fluid/solid contact line, then a very thin entrained layer of the more viscous polymer melt will be trapped between the less viscous polymer melt and the die wall. Slip boundary conditions would allow complete displacement of the contact line along the die wall, Both slip and stick boundary conditions produce similar interface profiles far away from the die wall for small viscosity ratios. In certain cases, the displacement of the mdre viscous material by the less viscous material will cease and a static interface structure is produced regardless of die length. Experimental work with polycarbonate melts is compared with the numerical simulations.
!. Introduction
The coextrusion process is an important technology for developing products with tailored properties, Different polymer melts are brought together in a die to form a layered structure. Each layer has a different role to play in the final balance of product properties versus cost, The different polymer phases are separated by internal interfaces and generally the polymer layers remain distinct continuous phases in the final product.
In the study of coextrusion fundamentals, two basic problem classes have been studied which relate to the position of the internal interfaces between adjacent polymer melts. The first class of problems relates 1) A. Torres on leave from Investigaci6n y Desarrollo, C,A. (INDESCA), P,O. Box 10319, Complejo Petroquimico E1 Tablazo, Maracaibo, 4001, Venezuela, to the issue of maintaining uniform layer structure and thickness within the die, The second class of problems deals with the stability of the interface over time and whether disturbances will lead to the growth or dissipation of irregularities in the interface.
This work continues efforts in the examination of the layer uniformity problem. It has been observed that the less viscous fluid will tend to displace the more viscous fluid near the walls of the die. In the limit of extremely long dies and high viscosity ratios, the less viscous fluid will encapsulate completely the more viscous fluid, Experimental investigations have consistently shown that the viscosity difference between adjacent polymer melts is the major factor in the displacement/encapsulation phenomenon, The displacement of phases near the die wall has serious consequences for product yield. For sheet and film products, polymer melts are brought together in a side-by-side configuration, The combined layer structure flows through a runner and then a coat-hanger die which spreads the layer structure to the desired width. Given that the less viscous polymer melt will displace the more viscous melts along the die runner wall and along the feed channel walls of the coat hanger die, there is considerable opportunity for serious nonuniformity of the desired layer structure. The material near the edges of the die must be cut from the sheet or film and either discarded or recycled.
One of the greatest difficulties in trying to model coextrusion flows is the specification of the correct boundary condition at the contact line. A contact line is defined as the intersection of the interface separating two fluids with a wall. It is well known (Dussan, 1976; Davis, 1983 ) that introduction of the common no-slip boundary condition at the wall produces a breakdown of the numerical solution. This breakdown can be seen as a multivalued velocity at the contact line. One approach to overcome this difficulty was the extrapolation method of Dheur and Crochet (1987) for two-dimensional simulations. The governing flow and free surface boundary conditions are solved in the interior and the location of the contact line is determined by linearly extrapolating the interface to the wall. This method was extended to three-dimensional simulations by Karagiannis et al. (1990) . Extrapolation methods, however, fail to predict bending effects or interface, distortion due to wall surface irregularities and do not provide adequate information about the flow characteristics near the contact line. In this paper, several alternative boundary conditions are proposed to study the effect of the contact line boundary condition on the overall flow. Two basic boundary condition types are proposed: stick and slip boundary conditions.
Governing equations and boundary conditions
The flow of molten polymers inside the die is modelled assuming that the flow is steady state, creeping, incompressible and with no body forces.
The governing equations are the momentum and energy equations without inertia terms and the continuity equation, which can be written in dimensionless tensorial form as:
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where z is the extra stress tensor, P the pressure v the velocity vector. A Generalized Newtonian constitutive equation (Dhatt and Touzot, 1984 ) is used to model the stress-strain relation for polymers:
Ov; + Ovf~ riJ =/'tk ~OXj -~Xi/ ' k : I,II .
Indices I and II refer to the lower and upper layer, respectively (Fig. 1) .
The viscosity dependence on shearing is modelled either as Newtonian (p = constant) or fit to a Carreau model, of the form: 
